While temporal lobe epilepsy (TLE) is the most common epilepsy syndrome in adults, seizures in children are more often extratemporal in origin. Extra -temporal lobe epilepsy (ETLE) in pediatric patients is often medically refractory, leading to significantly diminished quality of life. Seizure outcomes after resective surgery for pediatric ETLE vary tremendously in the literature, given diverse patient and epilepsy characteristics and small sample sizes. The authors performed a systematic review and metaanalysis of studies including 10 or more pediatric patients (age ≤ 19 years) published over the last 20 years examining seizure outcomes after resective surgery for ETLE, excluding hemispherectomy. Thirtysix studies were examined. These 36 studies included 1259 pediatric patients who under went resective surgery for ETLE. Seizure freedom (Engel Class I outcome) was achieved in 704 (56%) of these 1259 patients postoperatively, and 555 patients (44%) continued to have seizures (Engel Class II-IV outcome). Shorter epilepsy duration (≤ 7 years, the median value in this study) was more predictive of seizure freedom than longer (> 7 years) seizure history (odds ratio [OR] 1.52, 95% confidence interval [CI] 1.07-2.14), suggesting that earlier inter vention may be beneficial. Also, lesional epilepsy was associated with better seizure outcomes than nonlesional epi lepsy (OR 1.34, 95% CI 1.19-1.49). Other predictors of seizure freedom included an absence of generalized seizures (OR 1.61, 95% CI 1.18-2.35) and localizing ictal electroencephalographic findings (OR 1.55, 95% CI 1.24-1.93).
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W hile temporal lobe epilepsy (TLE) is the most common form of epilepsy in adults, seizure fo ci in children are more often extratemporal in origin. 1, 24, 51 Medically refractory extra-temporal lobe epi lepsy (ETLE) is associated with a significant burden of disease in the pediatric population, leading to progressive cognitive deficits, social and behavioral problems, dimin ished quality of life, and an increased risk of death. 16, 37, 46 Furthermore, AEDs used to treat these seizures often have unfavorable side effect profiles in children. 10 In TLE, anterior temporal lobectomy leads to favorable out comes in both adults and children, with seizure free dom being achieved for 60%-100% of patients after sur gery. 44, 54 However, seizure freedom is a more elusive goal in the surgical treatment of intractable ETLE, in part due to challenges in localizing seizure origin and the need to preserve eloquent brain structures. 26 In the published literature, significant variability has been reported regarding seizure outcomes after pediat ric ETLE surgery. This is likely related to the enormous diversity in patient and epilepsy characteristics within this broad disease classification, as well as small sample sizes in various case series. Given the significant burden of disease associated with intractable ETLE in pediatric patients, a fuller appreciation of expected surgical out comes is crucial, and a better understanding of potential prognostic factors is needed. To help address these issues, Seizure outcomes after resective surgery for extra-temporal lobe epilepsy in pediatric patients A systematic review here we report the first, to our knowledge, systematic re view and metaanalysis of resective surgical treatment for both lesional and nonlesional ETLE in children.
Methods

Article Selection and Data Extraction
A PubMed query was performed for articles published between 1993 and September 2012 (a period of approxi mately 20 years) using the following search terms alone and in combination: seizure, epilepsy, pediatric, children, frontal lobe, parietal lobe, occipital lobe, extratemporal, lo bectomy, surgery, and resection. Only peerreviewed, pub lished articles were included to control data quality, and meeting abstracts or presentations were thus not in cluded. Initially, 5168 publications were returned. An ar ticle was only included if it reported on at least 10 pediatric patients (age ≤ 19 years) undergoing complete or partial extra-temporal lobe resection for epilepsy (excluding hemispherectomies) and if postoperative seizure control was a primary outcome reported using the Engel, 17 or com parable, classification scheme. Sixty-five papers met these initial inclusion criteria. Resections extending beyond a single lobe were included, but functional or anatomical hemispherectomy procedures were excluded. Studies were also omitted if only biopsies were performed, and reviews and registry surveys were excluded to avoid duplication. References from all selected articles were further exam ined for additional suitable studies and to identify possible patient duplication. Reports including other procedures in pediatric epilepsy patients were included in part only if resective extra-temporal lobe cases could be fully disag gregated. A minimum of 1 year of postoperative followup was required. In total, 36 articles met both inclusion and exclusion criteria. Patient age and duration of epilepsy at the time of surgery were recorded where possible. Patient data were also stratified according to the following 11 variables, where disaggregation in relationship to seizure outcome was possible: 1) patient sex, 2) epilepsy etiology (lesional vs nonlesional, more specific cause if available), 3) seizure semiology (partial seizures only or with general ized seizures, including secondarily generalized seizures), 4) seizure frequency (daily seizures or less frequent), 5) preoperative MRI findings (normal or abnormal), 6) preop erative ictal EEG findings (localizing or nonlocalizing), 7) preoperative interictal EEG findings (lateralizing or non lateralizing), 8) surgery lobe, 9) surgery side, 10) extent of resection (for lesional cases only), and 11) whether ECoG was used.
Lesional versus nonlesional epilepsy designations were assigned based on patient diagnosis, taking into ac count pathological findings. Nonlesional epilepsy cases in cluded diagnoses of idiopathic epilepsy (normal tissue or only gliosis on pathology), mesial temporal sclerosis, trauma, or infection. Lesional epilepsy cases included other diagnoses, such as tumor, cortical dysplasia, tuber, or vascular malformation.
Statistical Analysis
To summarize seizure outcomes across the litera ture, rates of postoperative seizure freedom (Engel Class I) versus persistent seizures (Engel Class II-IV) were cal culated among all patients and stratified across various factors of interest. Initial betweengroup comparisons were performed using the Pearson chisquare test for cat egorical variables or unpaired 2tailed Student ttests for continuous variables. Normality of data distribution was verified before applying a parametric test. Given the num ber of comparisons being made, the level of significance was set at 0.02 for these analyses. From this initial data summary, binomial factors of interest found to be poten tially predictive of seizure outcomes (with data from a minimum of 8 manuscripts) were then analyzed with sep arate metaanalyses. For each metaanalysis, heterogene ity across the studies was evaluated using the Cochran Q statistic, and a fixed-effects model was used to generate a pooled proportion. Individual studies were weighted using the inverse variance method, and betweengroup hypothesis testing was performed on the calculated odds ratio of the pooled proportions. Forest plots were gener ated to express effect size across all studies for each vari able. Odds ratios were calculated with 95% confidence intervals. The Friedman and Kendall's W tests were used to test data heterogeneity between studies to ensure that a fixed-effects model was appropriate. Statistical analysis was performed using SPSS version 20 (SPSS, Inc.).
Results
From the 36 included studies, a total of 1259 pediat ric patients were identified who underwent resective sur gery (other than hemispherectomy) for ETLE. For initial summary purposes, the seizure outcomes were stratified across various factors of interest where data were available (Table 1) . Basic demographic char acteristics (age and sex) were similar between patients with Engel Class I versus Engel Class II-IV outcomes, but differences in epilepsy characteristics were observed between the groups. The preoperative duration of epilep sy was approximately 2 years shorter in the group of pa tients who became seizure free compared with those with continued seizures. Lesional epilepsy etiology (vs nonle sional etiology) and the absence of generalized seizure semiology (vs history of generalized seizures) were also associated with improved outcomes. Examining preop erative diagnostic studies, localized findings on ictal EEG appeared to correlate with seizure freedom after surgery, whereas relationships were less strong between seizure status and interictal EEG or MRI findings. Outcomes were similar for resections involving the frontal, parietal, or occipital lobe, and among cases including more than one lobe. Finally, among lesional epilepsy cases, gross total resection was associated with a dramatically higher rate of seizure freedom than subtotal lesionectomy, but these data were only available from a relatively small pro portion of source studies. Specific epilepsy etiology was provided in several re ports, as summarized in Table 2 . Among the most common etiologies, seizure freedom rates appeared highest in cases of tumor (77%) and tuberous sclerosis (59%), but notably lower in cases with less definitive diagnoses such as gliosis only (43%) or without any known etiology (34%).
Factors seemingly predictive of seizure outcome from summary data were then further scrutinized with formal meta-analyses, where data were sufficient (Fig. 1) . Epilepsy duration was dichotomized at 7 years (the me dian value observed), and a shorter (≤ 7 year) duration of epilepsy preoperatively was significantly more predic tive of seizure freedom than a longer (> 7 year) history of seizures (OR 1.52, 95% CI 1.07-2.14; Fig. 1A) . Also, le sional epilepsy was associated with better outcomes than nonlesional epilepsy (OR 1.34, 95% CI 1.19-1.49) (Fig.  1B) , and seizure freedom was predicted by the absence of generalized seizures (OR 1.61, 95% CI 1.18-2.35; Fig.  1C) . Finally, ictal EEG findings that localized to a par ticular brain region were associated with seizure freedom more so than nonlocalizing EEG results (OR 1.55, 95% CI 1.24-1.93). For all metaanalyses, the possible effect of publication bias was assessed using funnel plots, which on visual inspection did not demonstrate obvious asym metry (Fig. 2) . These data suggest that in the surgical treatment of pediatric ETLE, shorter epilepsy duration, lesional etiology, a lack of generalized seizures, and lo calizing ictal EEG findings are predictive of postopera tive seizure freedom.
Discussion
We performed a systematic review and metaanalysis examining seizure outcomes after surgical treatment of ETLE in 1259 pediatric patients across 36 studies. We found that seizure freedom (Engel Class I outcome) was achieved in 704 cases (56%) after surgery, and 555 in dividuals (44%) continued to have seizures (Engel Class II-IV outcome). Outcomes were similar regardless of lobe involved. Our observations suggest that outcomes after resective surgery for pediatric ETLE are less favor able than those associated with temporal lobectomy for TLE, after which 60%-100% of patients become seizure free. 24, 44, 54 Nevertheless, over half of children with ETLE in this report did respond well to resection. Given the significant burden of disease associated with intractable ETLE in children, surgical therapy remains an important treatment option in selected patients after medical thera py has failed.
At what point should a patient with suspected ETLE be referred for surgical evaluation? For adults, guidelines recommend surgical evaluation after failure of 2 or more AED regimens, 18, 37 although actual practice trends con tinue to lag behind these parameters. 22, 23 In the treatment of pediatric patients, while some providers adopt a watch andwait strategy, a strong case for early surgical refer ral can also be made. We observed in the present study that preoperative epilepsy duration of 7 years or less was a significant predictor of postoperative seizure freedom. Other investigators have described a similar relationship between epilepsy duration and seizure outcomes, 41, 58 sug gesting that earlier operative therapy may improve the likelihood of Engel Class I outcome. Furthermore, sev eral studies have shown that pediatric patients who at tain seizure control postoperatively may also benefit from improved intellectual and cognitive ability, 42, 53 better memory function, 40 decreased medication use and side effects, 32, 46 fewer behavioral problems, 45 and overall im proved quality of life 38, 40 compared with patients with continued seizures. Patient and family surveys have also suggested higher levels of education, employment status, independence, and overall satisfaction associated with Engel Class I outcome compared with other Engel class outcomes.
32,33 Therefore, we recommend that pediatric patients with continued debilitating seizures after failure of 2 or more AED regimens be referred early to a major pediatric epilepsy center for comprehensive evaluation, including surgical consideration.
We also observed in the present metaanalysis that lesional epilepsy etiology was more predictive of seizure control than nonlesional epilepsy, with particularly poor outcomes seen in patients harboring idiopathic disease or with pathology showing gliosis only. Other authors have similarly described worse surgical results in pediatric ETLE cases without an identified lesion.
1 Thus, this is sue should be carefully considered during preoperative decision making and discussions with patients and family members. Among lesional cases, quite favorable seizure outcomes were observed in patients with tumoral epilepsy, and we also noted dramatically better results with gross total lesionectomy in comparison to subtotal lesionectomy. This factor was not subjected to formal metaanalysis, as data were not available from at least 8 source studies, which we set a priori as our minimum threshold for metaanalysis (see Methods). The relationship between grosstotal resec tion and seizure freedom has also been previously shown in cases of epilepsy associated with focal cortical dyspla sia, 6 glioneuronal tumors, 19 lowgrade gliomas, 20 and cav ernous malformations. 21 Grosstotal resection may prove challenging when a lesion is difficult to access surgically or when potentially eloquent brain structures are involved. Nevertheless, grosstotal resection should be the operative goal in lesional ETLE whenever possible and safe.
In nonlesional cases, electrographic data are espe cially important in delineating the potential zone for re section. Here, we found that a localized ictal EEG and a lack of generalized seizures were both predictive of post operative seizure freedom, but the use of invasive ECoG was not independently related to outcome. However, it is not known whether ECoG was used in cases associated a priori with more severe epilepsy, potentially confound ing this result. Given the substantial rate of seizure recur rence after surgery in patients with nonlesional ETLE, further development of improved techniques for epileptic focus localization is needed.
Limitations to the present study should be addressed.
The reliability of our results is greatly dependent on the quality of data reported by others, which cannot be inde pendently verified. Another inherent meta-analysis limi tation is that dissimilar variables may be reported across different studies, so interactions between these factors cannot be assessed, although confounding relationships are likely to exist. Detailed assessments of seizure out comes (that is, Engel Class II vs III vs IV) were also not possible given variability in source study reporting. Next, some source studies in our analysis included patients with lesional epilepsy without disaggregating whether seizures were medically intractable or controlled in individual pa tients. Therefore, another limitation to this analysis is that lesional epilepsy and seizure control may be confounding variables affecting our results. Finally, all articles included in this study are retrospective case series, without any ran domized controlled studies, introducing the possibility of interpretation or reporting bias. A large, single prospective series with post hoc testing of possible interactions would clearly be valuable, but a clear strength of the present analysis lies in the ability to pool a large number of cases, which would be difficult even in a multiinstitutional trial. 
Conclusions
In conclusion, resective surgical treatment of pediat ric ETLE leads to seizure freedom in over half of cases, but outcomes are notably less favorable than in surgery for TLE. Early surgical treatment may be associated with improved seizure outcomes, and lesional epilepsy is more often associated with postoperative seizure freedom compared with nonlesional epilepsy. Given the significant burden of disease associated with persistent seizures, pa tients who continue to have debilitating seizures despite failure of multiple AED trials should be referred to a comprehensive pediatric epilepsy center for medical and surgical evaluation. Further improvements in seizure lo calization techniques in ETLE are needed. 
